Abstract. The primary sugar compounds (SC, defined as glucose, arabitol and mannitol) are widely recognized as 1 suitable molecular markers to characterize and apportion primary biogenic organic aerosol emission sources. This 2 work improves our understanding of the spatial behavior and distribution of these chemical species and evidences 3 their major effective environmental drivers. We conducted a large study focusing on the daily (24 h) PM10 SC 4 concentrations for 16 increasing space scale sites (local to nation-wide), over at least one complete year. These 
Introduction

20
Primary biogenic organic aerosols (PBOA), which notably comprise bacterial and fungal cells or spores; viruses; 
60
It is commonly acknowledged that SC (particularly arabitol and mannitol) originate from primary biogenic derived 
155
(from the sites of Grenoble_LF and OPE-ANDRA) are considered for the cellulose series. Hereafter, the term
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"Polyols" is used to refer uniquely to the sum of arabitol and mannitol concentrations. 
164
The leaf area index (LAI), which is defined as the projected area of leaves over a unit of land, is an important 
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The concentration data were log-transformed to obtain regression residual distributions as close as possible to the 
197
It should be noted that due to the limited availability of external parameters, the environmental factors driving SC 
209
The daily average concentrations of polyols (defined as sum of arabitol and mannitol) and glucose display highly 
222
The following sections are dedicated to the investigation of the processes that can lead to these similarities and 223 differences according to these spatial scales. (Table S3 ). Time series of concentrations for both SC show a clear distance-dependent correlation.
225
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The strength of the correlations is highly significant for distances up to 150-190 km (R > 0.72, p < 0.01) and
233
gradually decreases with increasing inter-site distances. One exception is the pair OPE-ANDRA and Nogent-sur-spatial homogeneity over typical areas of at least several tens of km. 
242
Unlike SC, ambient air concentrations of sulfate ( ), and winter (10.2 ± 9.6 ng m -3 ) in the Grenoble area. On a daily scale, the episodic increases 325 or decreases of polyols in PM10 are very often well synchronized with that of cellulose (Fig. 5A) . Moreover, the highest in late summer (Fig. 5B) 3 ) is 3.5 times higher than that measured in the urban area of Grenoble. In terms of temporal dynamics, the 332 evolution cycles (i.e., peaks and decreases) of both polyols and glucose are also very often well synchronized with
333
that of cellulose at OPE-ANDRA (Fig. 5C ).
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Altogether, these findings highlight that SC in PM10 and cellulose in both urban background and rural agricultural 
342
As also evidenced in 
391
One of the limitations of this study is that 4-day averaged observations do not allow to evaluate the driver 392 contributions that might explain some short term events for which the influence of meteorological parameters such 
398
This section focuses on evidencing the environmental drivers of PM10 SC concentrations specific to agricultural 399 areas. To achieve this objective, the site of OPE-ANDRA has been selected because it is extensively impacted by 400 agricultural activities, without being too prone to influences by other sources. OPE-ANDRA is a specific rural 
